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ARTICLE INFO ABSTRACT

Article history: Cucurbitacins have been shown to inhibit proliferation in a variety of cancer cell lines. The
Received 28 March 2008 aim of this study was to determine their biological activity in colon cancer cell lines that do
Accepted 1 May 2008 not harbor activated STATS3, the key target of cucurbitacin. In order to establish the role of

activated kRas in the responsiveness of cells to cucurbitacins, we performed experiments in
isogenic colon cancer cell lines, HCT116 and Hke-3, which differ only by the presence of an

Keywords: activated kRas allele. We compared the activity of 23, 24-dihydrocucurbitacin B (DHCB) and
Colon cancer cucurbitacin R (CCR), two cucurbitacins that we recently isolated, with cucurbitacin I (CCI), a
kRas cucurbitacin with established antitumorigenic activity. We showed that cucurbitacins
Cucurbitacin induced dramatic changes in the cytoskeleton (collapse of actin and bundling of tubulin
Apoptosis microfilaments), inhibited proliferation and finally induced apoptosis of both HCT116 and
p53 Hke-3 cells. However, the presence of oncogenic kRas significantly decreased the sensitivity

of cells to the three cucurbitacins tested, CCR, DHCB and CCI. We confirmed that mutational
activation of kRas protects cells from cucurbitacin-induced apoptosis using nontrans-
formed intestinal epithelial cells with inducible expression of kRasV12. Cucurbitacins
induced the expression of p53 and p21 predominantly in HCT116 cells that harbor mutant
Ras. Using HCT116 cells with targeted deletion of p53 or p21 we confirmed that p53 and p21
protect cells from apoptosis induced by cucurbitacins. These results demonstrated that
sensitivity of human colon cancer cell lines to cucurbitacins depends on the kRas and p53/
p21 status, and established that cucurbitacins can exert antitumorigenic activity in the
absence of activated STAT3.

© 2008 Elsevier Inc. All rights reserved.

1. Introduction analgesic as well as cytotoxic activity in vitro and in vivo [2,3].
Cayaponia tayuya (Cucurbitaceae) is a climbing lignified plant
Cucurbitacins are tetracyclic triterpenes isolated from plant with a large tuber that has long been used in the folk

families such as the Cucurbitaceae and Cruciferae that have medicines of Brazil, Peru, and Colombia as an anti-inflam-
been used for centuries as folk medicines [1]. Indeed, matory, antitumour and anti-rheumatic agent [4]. We recently
cucurbitacins have been shown to have anti-inflammatory, isolated two cucurbitacins from the roots of Cayaponia tayuya,
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identified as 23,24-dihydrocucurbitacin B (DHCB) and cucur-
bitacin R (CCR) [3]. We demonstrated the anti-inflammatory,
anti-allergic and anti-arthritic activity of DHCB and CCR in vitro
and in vivo, due to their ability to inhibit the expression of TNFa
in lymphocytes and in macrophages, and to interfere with the
activity of the nuclear factor NF-AT [2,5,6].

The ability of cucurbitacins to inhibit the activity of COX2
[7] and the production of proinflammatory mediators such as
iNOS and TNF [5] underlie their potent anti-inflammatory
activity. Although these characteristics are likely to contribute
to the ability of cucurbitacins to inhibit tumor progression,
their antitumorigenic activity has been ascribed mainly to
their propensity to inhibit JAK/STATS3 signaling, an important
oncogenic pathway activated in a number of cancers [8-10].
Several cucurbitacins (such as cucurbitacin I, cucurbitacin Q
and cucurbitacin B) were shown to inhibit phosphorylation of
STAT3 and to induce apoptosis in v-Src transformed NIH3T3
cells, but had limited biological activity in cells with no
activated STAT3 [11], which led to the conclusion that
cucurbitacins exert antitumorigenic activity selectively in
cells with activated STAT3.

Although activation of STAT3 has been demonstrated in
primary colon tumors, the majority of established colon cancer
cell lines lack constitutively activated STAT3 [12], suggesting
that factors from the tumor microenvironment maintain
constitutive activation of STAT3 in colon cancer. STAT3
transcriptional activity has been shown to be negatively
regulated by PI3K and ERK signaling in melanoma cells [13].
Whether the STAT3 and Ras signaling pathways functionally
interact in colon cancer cells, as we have shown for the STAT1
and Ras pathways [14], remains to be determined.

kRas mutations are found in 30-50% of primary colorectal
cancers as well as in established colon cancer cell lines [15].
Ras genes encode small GTP-binding proteins that affect gene
expression by acting as major switches in signal transduction
processes, coupling extracellular signals with transcription
factors [16-18]. Oncogenic forms of Ras are locked in their
active state and transduce signals essential for transforma-
tion, angiogenesis, invasion and metastasis via downstream
pathways involving the RAF/MEK/ERK cascade of cytoplasmic
kinases, the small GTP-binding proteins RAC and RHO,
phosphatidylinositol 3-kinase and others [19]. In addition to
its role in tumor initiation, tumor maintenance and tumor
progression, oncogenic Ras has been shown to modulate the
responsiveness of cancer cells to a variety of chemother-
apeutic and chemopreventive agents. We have shown that
colon cancer cells that harbor mutant Ras are sensitized to
apoptosis induced by butyrate [20], HDAC inhibitors [21] and 5-
fluorouracil (5-FU) [22]. However, several clinical studies that
have been conducted to examine the prognostic significance
of Ras mutations in colorectal cancer have yielded incon-
clusive results [23,24].

The aim of the present study was to test whether DHCB and
CCR, two cucurbitacins that we recently isolated from
Cayaponia tayuya, inhibit proliferation and/or induce apop-
tosis in colon cancer cell lines, despite the fact that these cells
do not express activated STAT3. Finally, we determined
whether the presence of oncogenic kRas, a frequent genetic
alteration in colon cancer, alters the responsiveness of cells to
cucurbitacins.

2. Materials and methods
2.1. Cell lines and antibodies

The HCT116 human colon carcinoma cell line harbors an
activating mutation in codon 13 of the kRas proto-oncogene
and is wild type for p53. Isogenic cell clones with a disrupted
mutant kRas allele [25], p21~/~ HCT116 cells [26] and p53~/~
HCT116 cells [27] were generated from the parental HCT116
cells by homologous recombination.

Cells were maintained in MEM medium supplemented
with 10% FCS and antibiotics and their viability was
assessed by the MTT assay (Boeringher, Mannheim, Ger-
many). Rat intestinal epithelial cells (IEC-6), transfected
with inducible kRas [28] were maintained in DMEM contain-
ing 400 ng/ml G418 and 150 pg/ml of hygromycin B. Expres-
sion of oncogenic Ras in these cells was induced by 5 mM
IPTG. Immunoblotting was performed using standard
procedures [14]. Antibodies specific for gelsolin were
obtained from Sigma, and antibodies recognizing PARP,
cleaved PARP, caspase-9, cleaved caspase-9, and cleaved
caspase-3, were purchased from Cell Signaling Technology
(Beverly, MA, USA). Antibodies recognizing p53, PUMA, and
p21 were purchased from Santa Cruz Biotechnologies (Santa
Cruz, CA, USA). DHCB and CCR were isolated from the roots
of Cayaponia tayuya as we described before [3], and
cucurbitacin I (CCI) was purchased from EMD Biosciences
(Darmstadt, Germany).

2.2.  Transfection and reporter assays

To examine the effect of DHCB on the transcriptional activity
of p21, we transiently transfected cells with 1 pg of plasmid
containing a 2.4kb genomic fragment of the p21 promoter
cloned upstream of the LUC reporter gene [29], using the
calcium phosphate transfection kit from Promega Biosciences
(St. Louis, MO, USA). Twenty-four hours after transfection,
cells were treated with DHCB at increasing concentrations for
12 h. Luciferase activity was normalized to TK-renilla activity
to control for transfection efficiency.

2.3.  Clonogenic and proliferation assay

To assess the effect of cucurbitacins on the colony forming
ability of cancer cells, we performed clonogenic assay. Cells
were seeded at a density of 200 cells per six well plate, and
were treated with increasing concentrations of CCR or DHCB
for 24 h. Cells were then washed and grown in complete media
for seven days. Colonies were washed with PBS, fixed and
stained with 6% glutaraldehyde and 0.5% crystal violet for
30 min at room temperature. Individual colonies with more
than 50 cells were scored with Total Lab 1.1 software
(Nonlinear Dynamics, Durham, NC, USA) and the surviving
fraction was calculated.

Cell proliferation was assayed using a modified colori-
metric Thiazoyl Blue Tetrazolium (MTT) assay. Briefly,
10* cells were plated in 96 well plates and treated with CCR
(10-100 M), DHCB (100 nM to 10 uM), and CCI (10 nM to 1 uM),
and MTT activity was determined 24, 48, and 72h after
treatment.
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2.4.  Apoptosis

Cells were treated with cucurbitacins, and both adherent and
floating cells were collected and resuspended in hypotonic
buffer (0.1% Triton X-100, 0.1% sodium citrate), and stained
with propidium iodide (PI) (50 pg/ml) for 4 h at 4 °C. Samples
were filtered through a nylon mesh (40 pm pore size) and
analyzed by flow cytometry. Cell cycle distribution, and the
extent of apoptosis (cells with a subGl DNA content) were
analyzed using Modfit software (Topshman, ME, USA).

2.5. Immunofluorescence

Cells were grown on chamber slides, and were either left
untreated or were treated with DHCB as indicated. Cells were
fixed in 4% paraformaldehyde for 20 min at 20 °C. Incubation
with antibodies that recognize activated caspase-3, or tubulin,
was performed for 1 h at 37 °C. Slides were then washed with
PBS and incubated with a secondary anti-rabbit antibody,
conjugated to FITC, for 45min at 37°C. Staining with
phalloidin for detection of F-actin was performed for 30 min
at room temperature. Samples were examined with a
fluorescent microscope and images were acquired with a
SPOT CCD camera.

3. Results

3.1.  Cucurbitacins induce profound cytoskeleton changes
and induce growth arrest in colon cancer cells

We evaluated the activity of cucurbitacins in HCT116 cells and
Hke-3 cells, two isogenic colon cancer cell lines that differ only
by the presence of a mutant kRas allele [25]. HCT116 cells
harbor an activated and a WT kRas allele, while Hke-3 cells
have only the wild type kRas allele. We compared the activities
of dihydrocucurbitacin B and cucurbitacin R to cucurbitacin I,
a cucurbitacin with established antitumorigenic activity
(structures shown in Supplemental Fig. 1). Treatment of
HCT116 and Hke-3 cells with DHCB, CCR and CCI induced
dramatic morphological changes, such as rounding of the cells
(not shown, Figs. 1 and 2), pointing to a disruption of the
cytoskeleton in treated cells. Indeed, as shown in Fig. 1A,
treatment of Hke-3 cells with DHCB triggered a rapid collapse
of the actin cytoskeleton. DHCB completely disrupted the
organization of actin filaments, and resulted in the formation
of patchy, disorganized and clumpy actin structures. In
addition, DHCB treatment induced a marked bundling of
tubulin filaments, suggesting that cucurbitacins also affect the
dynamics of microtubule stabilization (Fig. 1A). Similar
changes were seen in cells treated with CCR and CCI, but
not with taxol, a tubulin binding drug (data not shown). The
changes in cytoskeleton were rapid, taking place as early as
30 min after treatment, they were progressive, and occurred in
both HCT116 and Hke-3 cells. There were no signs of apoptosis
in cells early after treatment (data not shown, see below).
However, cell cycle analysis revealed strong inhibition of S
phase and GO/G1 and G2/M arrest of cells that were treated
with DHCB (Fig. 1B) or CCR (not shown) for 12 h. Although
inhibition of S phase was similar in both HCT116 and Hke-3

cells (Fig. 1B), the G2/M arrest appeared to be more pronounced
in Hke-3 cells, with GO/G1 arrest predominating in HCT116
cells, suggesting that oncogenic kRas controls the nature of the
cell cycle arrest in response to cucurbitacins.

Cucurbitacins are known to exert antitumorigenic activity
through inhibition of the constitutive STAT3 activity [11,30]. Of
note, neither HCT116 nor Hke-3 cells have detectable levels of
phosphorylated STAT3, and the levels of total STAT3 are
comparable in the two cell lines (Supplemental Fig. 2).

3.2.  Oncogenic Ras modulates sensitivity of cells to
cucurbitacins

We have demonstrated that activating mutations of Ras
increase sensitivity of colon cancer cells to apoptosis induced
by the dietary chemopreventive agent butyrate [20], structu-
rally unrelated inhibitors of HDAC activity [21], and the
chemotherapeutic agent 5-fluorouracil [22]. Because we found
that the nature of cell cycle arrest in cucurbitacin-treated cells
depends on the status of kRas (Fig. 1B) we sought to determine
whether oncogenic RasV12 also alters the sensitivity of cells to
cucurbitacins. HCT116 and Hke-3 cells were treated with
increasing concentrations of CCR, DHCB and CCI (Fig. 2A) and
were monitored for their viability by the MTT assay. Cells were
most sensitive to CCI (IC50 value of 0.09-0.29 pM), followed by
DHCB (IC50 value of 4.7-9.8 uM) and CCR (IC50 value of 27—
37 uM). Importantly, this experiment revealed that all cucur-
bitacins tested were less effective in HCT116 cells (which
harbor oncogenic kRas) than in Hke-3 cells (Fig. 2A and B),
suggesting that constitutive signaling by kRas blunts the
biological activity of cucurbitacins. Among the cucurbitacins
that we isolated, DHCB was more potent than CCR, therefore
we performed most of our subsequent experiments with
DHCB.

To confirm that oncogenic kRas alters the biological activity
of cucurbitacins, we performed experiments in nontrans-
formed rat intestinal epithelial cells with inducible oncogenic
kRasV12, IEC-ikRas cells [28], in which the expression of
kRasV12 was induced with 5 mM IPTG (Fig. 2C and D). Twenty-
four hours after induction with IPTG we treated cells with
increasing concentrations of cucurbitacins. The calculated
ICso for DHCB was 4.89 uM in the absence of IPTG and 19.79 uM
in the presence of IPTG (Fig. 2C), confirming that activated
kRas decreases the sensitivity of cells to cucurbitacins. The
induction of kRasV12 by IPTG in IEC-ikRas cells also protected
cells from CCR and CCI (data not shown).

Finally, to corroborate the antitumorigenic activity of
DHCB in colon cancer cells, we tested their activity
performing clonogenic assays [31]. Briefly, we plated 200
cells in a six well plate and treated them with increasing
concentrations of DHCB for 24 h. Cells were then washed
and the number of emerging colonies was scored 10 days
after treatment. We performed the assay in both HCT116
and Hke-3 cells, and in IEC-ikRas cells with inducible
oncogenic kRasV12. As shown in Fig. 3A and B, the ability
of DHCB to inhibit clonogenicity was more pronounced in
Hke-3 cells than in HCT116 cells. Similarly, induction of
activated kRas by IPTG in IEC-ikRas cells increased the
capacity of these cells to produce colonies upon cucurbita-
cin treatment (Fig. 3C and D).
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Fig. 1 - (A) Effect of DHCB on distribution of F-actin and tubulin. Hke-3 cells were left untreated (CTRL) or were treated with
DHCB (10 M) for 4 or 12 h. Immunofluorescence was performed with antibodies specific for tubulin (green) or by staining
with phalloidin for F-actin (red). (B) Inhibition of S phase and induction of G0/G1 and G2/M arrest in cucurbitacin treated
cells. HCT116 and Hke-3 cells were left untreated or were treated with 12 pM or 25 pM DHCB for 12 h and the cell cycle

profile was determined by PI staining.
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Fig. 2 - (A) Survival of HCT116 cells and Hke-3 cells upon treatment with cucurbitacins. Cells were treated with CCR (10-
100 pM), DHCB (100 nM-10 pM), and CCI (10 nM-1 pM) for 48 h and cell survival was calculated from data obtained by the
MTT assay. IC50 were calculated by linear regression. (B) Photographs were taken 24 h after treatment of cells with DHCB
(12 pM). (C) Inducible expression of an oncogenic kRas renders cells resistant to DHCB. IEC-ikRas cells were induced with
5 mM IPTG for 24 h and the induction of kRasV12 by IPTG was confirmed by Western blotting. Cells were treated with
increasing concentrations of DHCB for 48 h in the absence or the presence of IPTG as indicated (C and D).

Altogether, these results firmly established that the ability
of DHCB to exert antitumorigenic activity is perturbed by the
presence of oncogenic kRas.

3.3.  Oncogenic kRas protects cells from cucurbitacin-
induced apoptosis

To define the nature of cell death induced by DHCB, we first
performed propidium iodide staining and determined the

percentage of cells with subG1 content of DNA, a hallmark
of apoptotic cells. As shown in Fig. 1B, 12-24h after
treatment with DHCB, we observed a strong G2/M or G0/
G1 arrest in HCT116 and Hke-3 cells. Apoptosis was first
detected 48 h after treatment with DHCB in Hke-3 cells, but
not in HCT116 cells (Fig. 4A). 72 h after treatment, DHCB
induced apoptosis in both cell lines, but the extent of
apoptosis was significantly higher in Hke-3 cells, confirming
that oncogenic Ras protects cells from cucurbitacin-induced
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Fig. 3 - Clonogenic assay in HCT116 and Hke-3 cells (A and B) and in IEC-ikRas cells with IPTG inducible expression of
kRasV12 (C and D). Cells were treated with increasing concentrations of DHCB as indicated and the number of colonies was

determined after 10 days.

apoptosis (Fig. 4A). Similar results were obtained with CCR
(data not shown).

To confirm the apoptotic nature of cell death in DHCB
treated cells, we first assessed the activation of caspase-9, the
upstream caspase in the apoptotic cascade. We determined
the activity of caspase-9 in HCT116 and Hke-3 cells by
immunoblotting using antibodies that recognize full-length
caspase-9 and an antibody that specifically recognizes the
cleaved product of caspase-9. We showed that DHCB-induced
cleavage of caspase-9 in Hke-3 cells at lower concentration
than in HCT116 cells (see a rapid disappearance of the full
length caspase-9 in Hke-3 cells upon treatment), consistent
with enhanced apoptosis in DHCB-treated Hke-3 cells (Fig. 4B).
Consistently, the cleaved product of caspase-9 was detected
only in Hke-3 cells treated with 50 uM of DHCB (Fig. 4B) and the
activation of caspase-3, an effector caspase, was more
pronounced in Hke-3 cells (Supplemental Fig. 3). Similar
results were obtained in cells treated with CCR (data not
shown).

3.4.  Induction of p53 and p21 by cucurbitacins is enhanced
in cells harboring mutant Ras

Because p53 is a major regulator of growth arrest and
apoptosis, we examined whether p53 mediates growth arrest

and apoptosis induced by cucurbitacins. Treatment of cells
with DHCB resulted in induction of p53 in both HCT116 and
Hke-3 cells (Fig. 5A), however the induction of p53 by DHCB
was consistently higher in HCT116 cells. Increased p53
induction was also observed in HCT116 cells treated with
CCR and CCI (Supplemental Fig. 4).

Next we examined whether the expression of p53 target
genes, such as p21, gelsolin, and puma, was also induced in
cells treated with cucurbitacins. p21 has been suggested to
have a crucial role in maintaining cell viability upon p53
induction and induction of p21 has been shown to impart cells
with a survival advantage [32]. Indeed, we showed that the
induction of p21 in response to cucurbitacins was reproducibly
higher in HCT116 than in Hke-3 cells (Fig. 5A and Supple-
mental Fig. 4), following the pattern of p53 induction. In
contrast, all cucurbitacins tested induced the expression of
gelsolin to comparable levels in HCT116 and Hke-3 cells,
suggesting that p53 does not mediate the induction of gelsolin
in these cells (Supplemental Fig. 4). Puma, a target gene of p53
that mediates p53-induced apoptosis, was not induced by
cucurbitacins in cell lines that we tested (data not shown).

Due to a critical role of p21 in growth arrest and apoptosis,
we sought to determine whether cucurbitacins induce p21 at
the transcriptional level. HCT116 and Hke-3 cells were
transfected with a p21 promoter reporter plasmid, and treated
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with different concentrations of DHCB for 18 h. We showed
that DHCB activated transcription of p21 and that the
induction of p21 transcriptional activity by DHCB was more
pronounced in HCT116 than in Hke-3 cells (Fig. 5B), consistent
with enhanced induction of p21 protein in HCT116 cells
(Fig. 5A).

Is p53 required for p21 induction in response to DHCB? To
answer this question, we examined the ability of DHCB to
induce p21 in HCT116 cells in which p53 had been deleted
(HCT116 p53~7). HCT116 and HCT116 p53~/~ cells were treated
with DHCB and examined for the expression of p21 and
gelsolin. We showed that in p53 deficient cells the induction of
p21 was completely abrogated, demonstrating that the
induction of p21 by DHCB is p53 dependent (Fig. 5C).
Consistently, DHCB failed to induce p21 transcription in
HCT116 p53~/~ cells (Fig. 5D). In contrast, the expression of
gelsolin was intact in p53 deficient HCT116 cells, confirming
that cucurbitacins induce gelsolin expression in a p53
independent manner.

3.5.  p53and p21 protect colon cancer cells from
cucurbitacin-induced apoptosis

Finally, to confirm the essential role of p53 and p21 in the
biological activity of DHCB, we compared its activity in the
parental HCT116 cells, in p53 deficient HCT116 cells (HCT116
p53~7) and in p21 deficient HCT116 cells (HCT116 p21~/7). As
shown in Fig. 6A, both p53 and p21 deficiency significantly
increased sensitivity of HCT116 cells to DHCB. Consistently,

HCT116 p53~/~ cells formed fewer colonies than the parental
HCT116 cells in the presence of DHCB (Fig. 6B). (HCT116 p21~/~
cells failed to form any colonies, therefore we could not
assessed the effect of DHCB on the clonogenic potential in
these cells). Finally, the extent of apoptosis induced by DHCB
was higher in both p53 and p21 deficient HCT116 cells (Fig. 6C),
demonstrating that p53 and p21 protect cells from apoptosis
induced by DHCB. Similar data were obtained with CCI
(Supplemental Fig. 5).

Altogether these data demonstrated that enhanced induc-
tion of p53 and p21 in cells that harbor kRasV12 contributes to
the resistance of these cells to cucurbitacins.

4, Discussion

In this study we tested the antitumorigenic activities of two
cucurbitacins, CCR and DHCB, that we recently isolated from
the roots of Cayaponia tayuya [3]. We have shown before that
both cucurbitacins exert potent anti-inflammatory activity
both in vitro and in vivo [2,3,5]. Here we examined their
antitumorigenic activity in colon cancer cell lines, and
compared their potency with CCI, a cucurbitacin with
established antitumorigenic activity [11,30]. All three cucurbi-
tacins showed overlapping biological activity in colon cancer
cells. Among the cucurbitacins tested, CCI was effective at the
lowest concentrations, followed by DHCB and CCR. It therefore
appears that the acetyl group in the side chain that
structurally differentiates CCR and DHCB (Supplemental Fig.
1) is important for the antitumorigenic activity of cucurbita-
cins and that the presence of double bonds in the side chain
and in the first ring of CCI increases the antitumorigenic
activity of cucurbitacins.

We showed that all three cucurbitacins tested (CCR, DHCB,
and CCI) induced dramatic changes in cytoskeleton. The actin
filament organization was rapidly disrupted upon treatment
of cells with cucurbitacins. In addition, we showed that
cucurbitacins induced the expression of actin (data not
shown), and gelsolin, an actin severing protein, confirming
extensive cytoskeletal reorganization in treated cells.

Cucurbitacins have been shown to disrupt the actin
cytoskeleton before [33,34], however we also observed
extensive bundling of tubulin filaments in cucurbitacin
treated cells, pointing to a perturbed dynamics of microtubule
stabilization in treated cells. Microtubules play a crucial role in
biological processes such as motility, cell division and mitotic
spindle formation, and are therefore an important target for
anticancer drugs. Treatment of cells with microtubule target-
ing agents has been shown to result in cell cycle arrest, and
induction of apoptosis, which accounts for the extensive use
of microtubule-interfering agents in tumor chemotherapy [35-
37]. Indeed, collapsed cytoskeleton was accompanied with
strong induction of G2/M or GO/G1 arrest in cucurbitacin
treated cells.

Of interest, microtubules appear to be a preferred target of
naturally occurring cytotoxic substances produced by plants,
including taxol and vinca alkaloids [38]. Drugs that target
microtubule often bind directly to tubulin; whether this is the
case for cucurbitacins remains to be determined. In this
regard, morphological changes in cells treated with taxol, a
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Fig. 5 - Treatment of cells with DHCB induced the expression of p53 and p21. (A) Cells were treated with DHCB for 24 h and
the expression of p53 and p21 was determined by immunoblotting. (B) p21 transcriptional analysis in HCT116 and Hke-3
cells. Cells were transfected with the p21 promoter reporter gene and were treated with DHCB as indicated for 18 h. The
luciferase and renilla activities were determined as described in Section 2. (C) HCT116 and HCT116 p53~/~ were treated with
DHCB for 72 h and immunoblotting was performed with antibodies specific for p53, gelsolin, p21 and tubulin. (D) p21
transcriptional activity in HCT116 and in HCT116 p53~/~ cells. Cells were transfected with the p21 promoter reporter

plasmid and were treated with DHCB as indicated for 18 h.

prototypical microtubule-binding drug, and cucurbitacins
were distinct (data not shown), suggesting a different
mechanism of action of these drugs.

An important and a novel finding presented in this paper is
that the presence of activated kRas modulates the sensitivity
of colon cancer cells to cucurbitacins. We used the HCT116
cells and their isogenic clone with deleted mutant Ras allele,
Hke-3 cells [25], and IEC-ikRas cells, nontransformed intestinal
cells with IPTG-inducible expression of kRasV12 [28], to
demonstrate that the presence of oncogenic kRas offer strong
protection from cucurbitacin-induced apoptosis. Consistent
with our data, CCI has been shown to efficiently inhibit the
growth of Src-NIH3T3 tumors in vivo, but had no effect on Ras-
NIH3T3 tumors [30].

We have previously shown that oncogenic kRas modulates
apoptosis in response to a variety of chemopreventive and
chemotherapeutic drugs. In contrast to cucurbitacins, the
presence of oncogenic kRas sensitized cells to agents such as
butyrate [20], S5FU [22] and HDAC inhibitors [21]. We showed
that inhibition of gelsolin and STAT1 in cells with oncogenic
Ras is at least in part responsible for enhanced apoptosis of
kRas transformed cells. Signaling pathways whereby onco-
genic Ras protects from cucurbitacin-induced apoptosis
remain to be determined. We showed that cucurbitacins
induced the expression of p53 and p21 primarily in cells that
harbor mutant Ras, which were resistant to cucurbitacins, and
confirmed that p53 and p21 deficient cells undergo accelerated
apoptosis in response to cucurbitacins. These data therefore
demonstrated that enhanced induction of p53/p21in cells that

harbor mutant kRas contributes to the resistance of these cells
to cucurbitacins.

One of the main target of cucurbitacins is activated STAT3,
and it has been suggested that their biological activity is
negligible in the absence of constitutive STAT3 signaling [30].
As the aberrant activation of STAT3 is required for growth and
survival of many tumors [39,40], cucurbitacins were consid-
ered promising agents for the treatment of tumors whose
survival and growth depend on STAT3. However, in this study
we demonstrated that cucurbitacins could also exert biologi-
cal activity in a p-STAT3-independent manner. We showed
that cucurbitacins exert strong anti-proliferative and pro-
apoptotic activity in colon cancer cell lines that do not have
STAT3 phoshorylated on tyrosine. In fact, the IC50 for CCI in
colon cancer cell lines that we examined was lower than
concentrations of CCI that were effective in inhibiting
phosphorylation of STAT3 and JAK2 in lung cancer cell lines
with constitutive STAT3 activation [30]. It has been suggested
that the ability of CCI to inhibit proliferation is independent of
STATS3 activation state, while the ability of cucurbitacins to
induce apoptosis depends on tyrosine phosphorylated STAT3
[11]. In contrast, our results demonstrated that activated
STATS3 is not required for cucurbitacins to induce apoptosis.
Consistent with our data, cucurbitacin I has been shown to
disassemble the actin cytoskeleton and to inhibit lysopho-
sphatidic acid-mediated upregulation of CTGF in STAT3 knock
out fibroblasts [33]. In addition, cucurbitacin glucosides (B and
E) have been shown to inhibit proliferation in two breast
cancer cell lines that lack activated STAT3 and have been
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Fig. 6 - p53 and p21 protect cells from DHCB-induced apoptosis. (A) Survival of HCT116, HCT116 p53 '~ and HCT116 p21~/~ cells
treated with cucurbitacins was calculated from the MTT data. (B) Clonogenic assay was performed with HCT116 and HCT116
p53 knockout cells that were left untreated or were treated with increasing concentrations of DHCB as indicated. (C) Apoptosis
was determined by PI staining in HCT116 cells, HCT116 p53~/~ and HCT116 p21~/~ cells 72 h after treatment with DHCB.

actually shown to induce a rapid and sustained tyrosine
phosphorylation of STAT3 in these two cell lines [34]. Thus, the
precise role of activated STAT3 in the responsiveness of cells

to cucurbitacins remains to be determined.
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